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01 background

Laser Triggered 

Vacuum Switch

Laser Triggered Vacuum Switch

LTVS is an advanced high-

voltage, high-intensity pulse 

switch. 

Advantages of LTVS

short trigger conduction 

time and good isolation 

from the main circuit
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T. H. Maemann

The first ruby laser was 

manufactured.

Pendleton 
and Guenther

Laser trigger method was 

adopted the in the switch. 

the US Air Force 
Weapons Laboratory

Used laser as a trigger 

source to study the short 

pulse laser trigger spark gap
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and titanium
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and aluminum
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hydride
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When light hits the 

surface of the metal, 

electrons are 

stimulated by the 

photons.

PHOTOELECTRIC 

EFFECT 
When the temperature is 

high, the conduction 

band electrons may 

occupy a higher energy 

state, and escape from 

the target.

THERMIONIC 
EMISSION 

The temperature of the 

trigger rises rapidly, reaching 

the boiling point in a very 

short time. The trigger 

vaporizes, forming a vapor 

mass.

LASER ABLATION 
AND 

VAPORIZATION 

The key to determining the trigger mechanism of LTVS is to clarify the 

composition of the initial plasma generated during the triggering process.

1 2 3

02 hypothesis
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DEVICE

CONDITION

PURPOSE

TRIGGER 
SURFACE

laser triggering 

for 1000 times

The electron microscope 

picture is shown in the right

Observe the surface 

condition of the trigger

Field Emission Scanning 

Electron Microscope

The existence of ablative pit proves that the effect of laser on 

target is partial to ablation.

I. ELECTRON MICROSCOPE SCANNING EXPERIMENT
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The conduction time of LTVS 

increases with the triggering 

times. After the triggering 

time exceeds 15,000, the 

conduction time increases 

significantly and the 

switching performance 

deteriorates. When the 

triggering time exceeds 

20,000, the laser triggered 

vacuum switch fails.

Conduction time of LTVS at different triggering times
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Triggering times
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The lack of potassium and chlorine on the trigger focal spot will lead to the 

conduction failure of LTVS. The initial plasma mass that leads to switch 

conduction is mainly derived from K+ and Cl- in potassium chloride.
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Why the content of titanium is almost not reduced?
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Experimental results

Potassium chloride 

cannot absorb laser 

energy efficiently and 

convert it into heat. The 

titanium powder in the 

trigger electrode absorbs 

laser energy, converts it 

into heat, and heats the 

trigger electrode.

1064nm 95.7%
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Analysis of trigger process

 when the pulsed laser hits the trigger, titanium 

powder in the composite trigger absorbs laser 

energy and transforms it into heat. 

 Potassium chloride is heated and vaporized 

at high temperature, forming plasma vapor. 

 Initial plasma vapors continuously generate 

more charged ions in the environment.

 It eventually leads to the conduction of LTVS.

laser

LTVS
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04 conclusions

1

The conductive 

particles in the 

gap of the switch 

are K+ and Cl-

formed by the 

trigger 

vaporization.

2 3

Under the 

mechanism of 

photoelectric effect 

and thermionic 

emission, the 

conductive 

particles should be 

electrons.

Therefore, the 

interaction 

between the laser 

and the trigger is 

mainly based on 

laser ablation and 

vaporization.
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